Background
Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections cause serious public health problems worldwide. An estimated 2 billion and 180 million people globally have been infected with HBV and HCV, respectively, of whom, >378 million HBV cases and up to 170 million HCV cases are chronic carriers at risk of developing liver cirrhosis and/or liver cancer. About 620,000 people with HBV infection and >350,000 people with HCV die annually from the respective virus-related liver disease. 1, 2 The global prevalence of chronic HBV infection varies widely, from high (≥8%, e.g., Africa, Asia, and the western Pacific) to intermediate (2%-7%, e.g., Southern and Eastern Europe) and low (<2%, e.g., Western Europe, North America and Aus-submit your manuscript | www.dovepress.com
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Shimelis et al tralia). 3 Most HBV infections in sub-Saharan Africa occur during perinatal period or early in childhood, resulting in higher risk of chronicity (up to 90%) and death (25%). 4 HCV prevalence is high (≥3%) in many countries in Eastern Europe and Latin America, and, the Middle East, South Asia, and certain countries in Africa (particularly Egypt); moderate prevalence (2%-2.9%) in most African countries; and low prevalence (1.0%) in Western Europe, USA and Australia. 2 HCV infection in 50%-80% of adults takes a chronic course; 20%-50% of whom develop cirrhosis or cancer of the liver. 5 The main ways of getting infected with HBV are perinatal (from mother to baby at birth), child-to-child transmission, sexual contact, transfusion of infected blood or blood products and re-use of HBV-contaminated needles, syringes, lancets and instruments. 6 Transmission of HCV is primarily by blood-to-blood contact while a large or repeated exposures to infectious blood such as receiving unscreened blood and unsafe needle injection occurs. High-risk sexual exposures and perinatal transmissions are also important. 7 The shared transmission routes among blood-borne infections such as human immunodeficiency virus (HIV), HBV, HCV, and syphilis increase their co-existence rate in a single host. [5] [6] [7] [8] The estimated 2-4 million people with HIV-HBV and 4-5 million with HIV-HCV emphasize the significance of coinfections with these viruses of major health impacts. 6 The adverse interactions of co-existing viruses are suggested to worsen the clinical outcome and impact the epidemiology of either infection. For instance, patients with HIV-HBV coinfections are more likely to become HBV chronic carriers, have active HBV replication, remain hepatitis B e antigen (HBeAg) carriers for a longer period, and have HBV reactivation. 5, 8, 9 Furthermore, HIV exacerbates liver disease in HBV and/or HCV coinfected patients, even as they are on highly active anti-retroviral therapy. 9, 10 These complications are now the leading causes of death in HIV-infected patients. 7 Overall, viral hepatitis either alone or as coinfection with HIV has been a major public health problem. Available evidence indicates that HBV 11, 12 and HCV 13, 14 infections are endemic in Ethiopia where HIV and syphilis are also prevalent. No antiviral agents for HBV are available in the country, but a private institution in Addis Ababa has started delivering antiviral treatment service for HCV infection. Moreover, HBV vaccine has been given for infants as part of the National Expanded Program on Immunization since 2007, whereas the vaccine for adults is only available in the private institutions and is expensive.
The shared transmission routes, mainly heterosexual exposure, may be attributed to the observed strong association between HIV and syphilis in Ethiopia. 15 In the same context, where data on mode of transmission and age of participants at HBV or HCV infection among HIV-positive people is absent, assessing the coinfection rate among these viruses may indirectly indicate the routes of transmission. However, most coinfection studies in Ethiopia investigated a serological marker of active HBV infection (hepatitis B surface antigen [HBsAg] ) and overlooked the importance of analyzing a marker of exposure (antibody to hepatitis B core antigen [anti-HBc]) in assessing the status of association. This limits the opportunity to better describe the degree of association among HBV, HCV, syphilis, and HIV infections. Therefore, the current study was designed to determine the coinfection rate with HBV, HCV and syphilis and their predictors among HIV-infected clients attending the antiretroviral therapy (ART) clinic of a tertiary hospital in Southern Ethiopia and these findings would affect the local guidelines.
Methods
Study setting and samples
This cross-sectional study was conducted at Hawassa University Hospital, Southern Ethiopia from October to November 2015. The hospital routinely provides HIV testing and counseling service for clients at voluntary counseling and testing center. Those clients who are found to be HIV infected have regular follow-up at the ART clinic of the hospital. Sera collected originally for the purpose of investigating the epidemiology of syphilis in a consecutive series of HIVinfected patients attending the ART clinic of the hospital from January to May 2014 were analyzed in the study after a year of storage at −80°C. HIV-infected children under 15 years of age were excluded originally because they were few in number and might not have similar sexual behavior with adults. Moreover, clients who got treated for syphilis or with a CD4+ T cell count ≤50 cells/μL were excluded since serological tests might be unreliable in those cases. In total, 21 clients who met the exclusion criteria were not considered in the study. 16 The current study analyzed 477 sera that were selected with a lottery method from a total of 993 stored sera after the sample identification numbers were listed in ascending order. 
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Serological testing
In the current study, sera were tested for various markers of HBV and HCV infections. The presence of HBsAg and anti-HBc were determined using commercially available rapid diagnostic tests (RDTs) (Tulip Diagnostics, Verna, Goa, India). Those samples, which were found to be positive for HBsAg, were further analyzed for HBeAg. Detection of antibody to HCV infection was performed using RDT (CTK Biotech, Inc, San Diego, CA, USA). All tests were carried out according to the instructions of the manufacturers. Sera were previously characterized for syphilis with a rapid plasma reagin (RPR), and positive results were further confirmed by modified Treponema pallidum haemagglutination assay (TPHA).
Definitions
Current HBV infection: HIV-infected individuals whose serum sample tested positive for HBsAg.
Exposure to HBV infection: Those whose serum samples tested positive for anti-HBc, and indicated a current or resolved infection.
Active HBV replication: Those whose serum sample tested positive for HBeAg and indicated they are highly infectious.
Exposure to HCV infection: Those whose serum sample were serologically positive for anti-HCV and indicated current or resolved infection.
Current syphilis: Those whose serum samples were found to be positive with RPR and TPHA.
Data analysis
Data entry and analysis was performed using SPSS Version-16. Results were summarized using frequencies and proportions, and presented in tables. Chi-square test was performed to assess difference between the rate of hepatitis and/or syphilis with ART status. The association between HBV exposure and sociodemographic and other risk factors was assessed using crude odds ratio from a binary logistic regression analysis. Adjusted odds ratio (AOR) was also computed using multivariable logistic regression analysis, taking all factors yielding a p value ≤0.05 in bivariate analysis. A p value ≤0.05 was considered to be statistically significant association.
Results
A total of 477 sera, collected from HIV-infected clients and characterized with respect to syphilis sero-status, were analyzed for serological markers of HBV and HCV infections. Most study participants were females (61%) and urban residents (94.3%). The mean age of the clients was 33.4 years (SD 9.1, range 15-75 years), and those in the age range 30-39 years accounted for 42.9%. Participants who were never married and completed a secondary level education were 44.4 and 39.8%, respectively. The median CD4+ T cell count was 432 cells/μL (range 51-1614 cells/μL), and 10.5% of the participants had cell count <200 cells/μL. Majority of the respondents (84.7%) were on ART, and had received the treatment for median duration of 47 months (range 1-113 months) ( Table 1) .
As analyzed originally, 11.9% of the samples considered in the current study were sero-positive for syphilis. The prevalence of HBsAg, anti-HBc, and anti-HCV markers among the study participants was 6.3, 22.4, and 3.2%, respectively. On further analysis of HBsAg positive samples, 10% (3/30) were found to be positive for HBeAg. All samples with HBsAg were also positive for anti-HBc marker. Overall, 33.5% of the investigated HIV-infected samples, had at least 1 marker of the other infections, syphilis, HBV or HCV. Further, (5.03%) of the samples were positive for markers indicating 2 of these agents. However, none of the samples were positive for markers revealing triple infections with the agents. Coinfections with anti-HBc/syphilis, anti-HCV/syphilis, and anti-HBc/anti-HCV were detected in 3.1, 0.6, and 1.3% of the participants, respectively. ART status did not influence the sero-positivity rate of any of the markers (p>0.05) ( Table 2) .
The serological evidence of exposure to HBV infection (anti-HBV) was observed in 29.6% of rural residents, 23.6% of females, 28.6% of those aged 40-49 years, 26.7% of daily laborers, and 28.9% of widowers. A higher rate of anti-HBc antibody was also observed among participants with a CD4+ T cell count <200 cells/μL (32%), followed by those in the range 200-349 cells/μL (31%). In bivariate analysis, HBV exposure was shown to have a significant association with age or level of CD4+ T cell count. However, the rate of HBV exposure was not significantly associated with factors such as residence, sex, occupation, educational level, marital sta tus, and ART status ( Table 1 ). The rate of other markers, including HBsAg and anti-HCV, was not found to be influenced by sociodemographic or other factors. The analysis regarding the distribution of syphilis in relation to the assessed factors was reported elsewhere. Out of the study participants, 4% had a history of blood transfusion, 7.8% had scarring, 14.5% drank alcohol during sexual intercourse, and 48.2% had not used condom. Further, the age at sexual debut for 46.5% of the participants was <20 years; 47.8% had 2-5 life-time sexual partners, and 23.3% reported a history of STIs. The rate of exposure to HBV infection was higher in those with a history of blood transfusion (26.3%), had scarring and tattooing (32.4%), sometimes used alcohol during sex (26.1%), and circumcised (33.3%). However, none of the association between the assessed risk factors and HBV exposure status was found to be statistically significant (Table 3) . 
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Discussion
We determined the prevalence of HBV and HCV infections among people living with HIV for whom syphilis sero-status was previously characterized. The rate of HBsAg carriage among the study participants was 6.3%. Of those with HBsAg, 10% were positive for HBeAg marker, indicating an active replication of HBV. The rates of exposure to infections with HBV (anti-HBc) and HCV (anti-HCV) were found to be 22.4% and 3.1%, respectively. The rates of coinfections with HBV-syphilis, HCV-syphilis, and HBV-HCV were 3.1%, 0.6%, and 1.3%, respectively. The observed rate of active HBV infection (as marked by HBsAg) in the current study was concordant with results among HIV-infected population in various localities: central Ethiopia (Addis Ababa) (3.9%), 17 north Ethiopia (Mekelle) (5. 9%), 18, 19 and northwest Ethiopia (Gondar) (5.6%). 19 The similar rate of HBsAg between HIV-infected population and the general population (7%) 11 or other subpopulations such as pregnant women (3.8%-6%), [20] [21] [22] blood donors (4.7%-10.9%), 17, 23 and diabetic patients (3.7%) 24 in Ethiopia highlights HIV-infected people might not be different from other subpopulations with respect to HBsAg clearance rate. A lower rate of HBsAg carriage in the current study compared with the mean 15% among HIV-infected people in sub-Sahara Africa 25 may be due to deference in epidemiology of HBV infection by country as also evidenced by varying prevalence of anti-HBc (range, 23.8%-90.0%). In fact, difference in HBsAg clearance rate could not be ruled out as the rates of HBsAg versus anti-HBc in different African countries look dissimilar. 25 However, considering the large number of HIV-infected population in Ethiopia, the observed magnitude of HBsAg carriage is of concern and demands interventions that reduce consequences.
The rate of life-time exposure to HBV infection in the current study was lower compared with the result in our previous study in Addis Ababa (47.5%) 12 or the mean in sub-Saharan Africa (55.1%). 25 Furthermore, the observed rate of exposure to HCV infection (3.1%) was lower than the previous result in the same hospital (10.5%). 26 However, reports of 6.6% in north Ethiopia (Adawa), 27 6% in Mekelle, 28 5% in Gondar 19 were in agreement with the current finding. The mean anti-HCV prevalence of 6.9% in sub-Saharan Africa was also similar to our result. 25 The disparity in rate of exposure to HBV or HCV infection between our current and previous investigations may be attributed to the more sensitive laboratory technique (enzyme-linked immunosorbent assay) employed in previous studies.
Because HIV, HBV, HCV and syphilis share routes of transmission, the occurrence of coinfection is not uncommon. However, the magnitude of coinfection might be influenced by factors such as the prevalence of each infection in a given community, the risk behaviors involved in the transmission, and the time/age at which a maximum exposure to each infection occurs. For example, a weaker association between HIV and HBV has been reported in developing countries where immunity resulting from a natural HBV infection early in childhood gives protection in adulthood when HIV is mainly contracted through heterosexual exposures. 12 Furthermore, compared with sexual route, infections acquired through parenteral route more likely resulted in HIV-HCV coinfection. 29 It may be due to difference in mode of transmission and/or time of acquisition that the association between HBV, HCV, and syphilis in the current study was non-significant. A similar report of no association between HBV and HCV infections was reported elsewhere. 30 In contrast, the shared routes of transmission, mostly homosexual contact in the case of HBV and intravenous drug use in HCV, increased the strength of association. 25 The increasing rate of life-time HBV exposure with age in this study was concordant with various findings 12 that stated that participants in the age range 40-49 years were at higher odds of infection compared with age <20 years. It is perhaps because of a cumulative effect that the risk of exposure to HBV infection increases with time. Moreover, the rate of HBV infection increased with decreasing CD4+ T cell count, which patients with counts <200 cells/μL and in the range 200-349 cells/μL had significantly higher rate of HBV exposure compared with those in the range 350-499 cells/μL. This might possibly be explained by the fact that patients with a lower level of immunity are commonly at increased risk of acquiring an infection. Nevertheless, the preponderance of HBV infection among HIV-infected men compared with women reported in our previous study 12 was not shown in the current investigation.
The rate of HBeAg carriage (10%) among those with HBsAg marker was in agreement with our previous result in Addis Ababa (10.3%), 12 which may show a similar rate of HBeAg clearance. However, a contrasting finding of higher carriage rate of HBeAg (33.3%) in India among HIV-infected patients may point out the difference in HBeAg clearance rate by population. 31 Thus, the risk of HIV-HBV co-infected popu- 
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Coinfections with hepatitis B and C virus and syphilis lation becoming highly infectious (as marked by HBeAg) and impacting HBV transmission may vary between populations in different geographical regions. However, this study has limitations that sera were analyzed after a year period of storage, which might affect the detectability of serological markers for HBV and HCV infections and evaluation of occult HBV status, HBV drug-resistance mutations, HCV drug-resistance mutations, HBV and HCV genotypes was not performed due to lack of molecular virology laboratory facilities. Moreover, difference in diagnostic performance among commercially available hepatitis test kits and lack of information regarding details of the ART regimen might influence comparison of findings in various studies and among patients who used lamivudineor tenofovir-containing regimen compared with patients who used other regimens. The generalizability of results to all HIV-infected population may be limited by selection and information bias due to the institutional based nature of the study and the reliance on participants' report to assess exposure to risk factors,.
Conclusion
As is the case in most studied subpopulations (regardless of HIV infection) in Ethiopia, an intermediate HBV infection rate (HBsAg carriage) was shown in this study. It implies that HIV-infected people may not be as such different with respect to becoming at higher risk of acquiring HBV infection. Furthermore, the observed non-significant association among HBV, HCV and syphilis may highlight the little importance of shared risk factors in the transmission of these infections. However, as the occurrence of coinfections is clinically consequential, the need to provide hepatitis screening and treatment services for HIV-infected population in Ethiopia would be critically essential.
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